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Abstract
Pulse blanking is a widely used method to eliminate impulsive interference in an orthogonal frequency division
multiplexing (OFDM) receiver. To analyze the effect of the inter-carrier interference caused by pulse blanking on the
symbol error rate (SER) performance of OFDM employing maximum ratio combining (MRC) receiver, the analytical
expression of the signal-to-interference-noise ratio (SINR) of the OFDM employing MRC receiver is derived. Based on
the SINR expression, furthermore, the SER performances over both Rayleigh and Ricean fading channels are also
analyzed quantitatively. Simulation results validate the correctness of the derived formulas.
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1 Introduction
Orthogonal frequency division multiplexing (OFDM) is
a multicarrier modulation technique which converts a
frequency-selective channel into a parallel collection of
frequency flat subchannels. Compared with single-carrier
communication systems, OFDM has advantages, such
as spectral efficiency, efficient implementation based on
the fast Fourier transform (FFT), and simple channel
equalization. For these reasons, the OFDM transmission
scheme is widely employed in wireless and wired commu-
nications, e.g., digital subscriber lines (DSL), digital video
broadcasting (DVB), digital audio broadcasting (DAB),
wireless local area networks (WLAN), power line commu-
nications (PLC), long term evolution (LTE), and L-band
digital aeronautical communication system (L-DACS) [1].
In practical applications, OFDM systems are often
exposed to impulsive interference, e.g., ignition noise of
passing vehicles, impulsive noise in power line or other
systems operating in the same frequency range. Some
studies have shown that the impulse interference with
high power or frequent occurrence can significantly affect
the performance of OFDM receivers [2, 3]. Thus, it is of
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great significance to eliminate the impulse interference in
OFDM receivers.
To suppress the effect of impulsive noise on an OFDM
receiver, an interference mitigation method based on
pulse blanking is first proposed in [4–6]. However, when
using this method to an actual system, two problems
should be considered, the threshold of pulse blank-
ing and the compensation of inter-carrier interference
(ICI) caused by pulse blanking. To calculate the blank-
ing threshold, an optimal threshold of pulse blanking is
derived based on an expression for the signal-to-noise
ratio (SNR) of the blanking nonlinearity [7]. With maxi-
mizing the signal-to-interference-and-noise ratio (SINR)
criterion, an adaptive blanking threshold for the OFDM
receiver is also proposed in [8]. To eliminate the ICI
caused by pulse blanking, an iterative reconstructing and
subtracting ICI method is proposed in [9, 10], and a
frequency-domain ICI compensation scheme based on
finite impulse response equalizer is proposed in [11].
Studies on the performance analysis of single-carrier
systems in impulsive noise environment are presented in
[12–16]. The performance of diversity combining tech-
nique over fading channels with impulsive noise is ana-
lyzed in [12]. Adopting the Middleton class A impulsive
noise model, the performance of space-time coded sys-
tems over multiple-input multiple-output (MIMO) chan-
nels with impulsive noise is studied in [13, 14]. The effect
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of symmetric α-stable noise on space-time coded systems
over MIMO fading channels is analyzed in [15]. A unified
mathematical framework for the analysis of the asymp-
totic performance of amplify-and-forward cooperative
diversity systems impaired by generic noise is provided in
[16]. The influence of impulse noise on the symbol error
rate (SER) performances of multicarrier and single-carrier
communication systems is investigated and compared in
[2]. With regard to the performance analysis of the OFDM
receiver with blanking, the SNR expression of the OFDM
receiver with blanking is obtained for the AWGN chan-
nel [17]. The SNR expression for the OFDM receiver with
blanking is derived in frequency selective Rayleigh fad-
ing channel, as well as the SER performance on this SNR
expression [18]. To the best of our knowledge, there is cur-
rently no literature regarding the SER performance of the
maximum ratio combining (MRC)-OFDM receiver with
pulse blanking.
In this paper, a closed-form expression for the SINR of
the MRC-OFDM receiver with pulse blanking over fre-
quency selective fading channel is derived. Furthermore,
the SER performances of the MRC-OFDM receiver with
pulse blanking over both Rayleigh and Ricean fading chan-
nels are also analyzed quantitatively based on this SINR
expression. Finally, simulation results are presented that
validate the correctness of the derived formulas.
This paper is arranged as follows. In Section 2, a system
model comprising the OFDM transmitter and the MRC-
OFDM receiver with pulse blanking is introduced. In
Section 3, the closed-from expression for the SINR of the
MRC-OFDM receiver with pulse blanking is derived, and
the SER performances for both Rayleigh and Ricean fad-
ing channels are also analyzed. In Section 4, an overview
of system and channel parameters is provided, and the
analytically calculated and simulated symbol error per-
formance curves are presented to validate our theoretical
results. In Section 5, we draw the main conclusion.
2 Systemmodel
2.1 OFDM transmitter
The model for the OFDM transmitter is shown in Fig. 1.
An information bit sequence is sent to the modulator
for symbol mapping. The output symbol vector of the
modulator is denoted as S = [S0, . . . , Sk , . . . , SK−1]T ,
where K denotes the number of complex modulated sym-
bols, and {Sk , k = 0, 1, . . . ,K − 1} are assumed to be inde-
pendent and identically distributed (i.i.d.) with E {Sk} = 0
and E
{|Sk|2} = σ 2S .
The modulated symbol vector S is then transformed
into the time domain by the K-point inverse fast Fourier
transform (IFFT), and the output signal vector of IFFT is
given by
s = FHS (1)




e2π j knK , n, k = 0, 1, · · · ,K − 1 (2)
with k being the subcarrier index in the frequency domain
and n denoting the sample index in the time domain. As
IFFT is a unitary transformation, the statistical property of
s agrees with S, and {sn, n = 0, 1, . . . ,K − 1} are also i.i.d.
with E{sn} = 0 and E
{|sn|2} = σ 2S .
After inserting the Kg-point cyclic prefix, the transmit-
ted signal vector x = [x0, . . . , xn, . . . , xK+Kg−1]T can be
expressed as
x = Pins (3)
where Pin is the cyclic prefix insertion matrix denoted as
Pin =





where 0K×(K−Kg ) is a Kg × (K − Kg) zero matrix and IK is
a K × K identity matrix.
The transmitted signal vector x is then converted to an
analog signal x(t) by the D/A converter and x(t) is trans-
formed into a RF signal by the RF front end. Finally, the RF
signal is sent to a channel by the transmitter antenna.
2.2 MRC-OFDM receiver with pulse blanking
Themodel for theMRC-OFDM receiver with pulse blank-
ing is depicted in Fig. 2. The received baseband signal
from the vth antenna can be represented as
rv(t) = x(t) ∗ hv(t) + nv(t) + iv(t), v = 1, 2, . . . ,N (5)
Fig. 1 Block diagram of the OFDM transmitter
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Fig. 2 Block diagram of the MRC-OFDM receiver with pulse blanking
where x(t) denotes the transmitted signal, ∗ the convolu-
tion operation, hv(t) the channel impulse response of the
vth channel, nv(t) the complex Gaussian white noise sig-
nal from the vth channel, iv(t) the impulsive noise from
the vth channel, and N the number of receive antenna.
Assuming that the symbol timing synchronization has
been established, the transmitted signal rv(t) is then con-
verted to a sampled signal vector rv by the A/D converter.
After removing the Kg-point cyclic prefix, the received
signal vector can be expressed as
zv = Poutrv, v = 1, 2, . . . ,N (6)
where Pout =
[0K×Kg IK ] denotes the cyclic prefix
removal matrix.
According to the basic theory of OFDM [19], zv can be
written as
zv = s ⊗ hv + iv + nv, v = 1, 2 . . . ,N (7)
where s is given by Eq. (1), ⊗ denotes the circular con-
volution operator, and hv =
[
hv0, . . . , hvl , . . . , hvLv−1
]T
is
the discrete-time channel impulse response of the vth
channel with Lv paths, where
{
hvl , l = 0, 1 . . . , Lv − 1
}
are assumed to be i.i.d. and remain constant over
one OFDM symbol interval, and the channel power




{∣∣hvl ∣∣2} = 1. In addi-
tion, nv = [nv0, . . . , nvn, . . . , nvK−1]T denotes the complex
Gaussian white noise vector from the vth channel where{
nvn, n = 0, 1, . . . ,K − 1
}
are the i.i.d. complex Gaussian
random variables (RVs) of mean zeros and variance δ2n and
iv = [iv0, . . . , ivn, . . . , ivK−1]T denotes the impulsive noise
vector where ivn is modeled as a Bernoulli-Gaussian RV [2]
ivn = bvngvn, n = 0, 1, . . . ,K − 1, v = 1, 2, . . . ,N (8)
where bvn is the Bernoulli process which is the arrival of
impulsive noise with probability Pr
(
bvn = 1
) = p and gvn is
the complex Gaussian RV with mean zeros and variance
δvg
2.
Assuming that the positions of the impulsive noise
occurrence are precisely detected by the interference
detector, the output of the impulse blanking yv =[
yv0, . . . , yvn, . . . , yvK−1
]T is given as
yv = B¯vzv, v = 1, 2, . . . ,N (9)
where B¯v denotes the impulse blanking matrix for the
vth receive branch and where B¯v = diag
(
b¯v0, . . . , b¯vn, . . . ,
b¯vK−1
)
with b¯vn = 1 − bvn .
The signal vector yv is then transformed into the fre-
quency domain by the K-point fast Fourier transform
(FFT). Hence, the output signal vector of FFT Yv =[
Yv0 , . . . ,Yvk , . . . ,YvK−1
]T is given by
Yv= Fyv, v = 1, 2, . . . ,N (10)
where the FFT matrix F is defined by
Fk,n = 1√K e
−2π j knK , k, n = 0, 1, . . . ,K − 1 (11)
Assuming that the ideal channel estimation is employed,
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where Hv = diag (Hv0, ..,Hvk , . . . ,HvK−1) denotes the fre-
quency domain channel transfer matrix of the vth channel
and Hvk denotes the frequency response of the kth sub-
channel for the vth channel.
We assume that a linear forced zero equalizer is
employed in the receiver. The output of the equalizer is
given as Y˜MRC =
[
Y˜MRC,0, . . . , Y˜MRC,k , . . . , Y˜MRC,K−1
]T ,
where Y˜MRC,k denotes the output signal of the equalizer










, k = 0, 1 . . . ,K − 1 (13)
The signal vector Y˜MRC is finally sent to the demod-
ulator, where the output bit sequence Iˆ is sent to the
sink.
3 Performance analysis
3.1 SINR for the MRC-OFDM demodulator
Substituting Eq. (7) into Eq. (9), the output signal vector
of the pulse blanking can be represented as
yv = B¯v(s ⊗ hv) + B¯viv + B¯vnv, v = 1, 2, . . . ,N (14)
where B¯viv = diag
(
b¯v0iv0, . . . , b¯vnivn, . . . , b¯vK−1ivK−1
)
with





bvngvn, n = 0, 1, . . . ,K − 1,
v = 1, 2, . . . ,N (15)
As bvn is a Bernoulli RV that takes a value of one or zero,
the product (1 − bn) bn identically equals to 0, thus b¯vnivn =
0, and then B¯i = 0. Given all the above, Eq. (14) is further
simplified as
yv = s ⊗ hv + i˜v + n˜v, v = 1, 2 . . . . ,N (16)
where i˜v = (B¯v − I) (s ⊗ hv) denotes the equivalent





smhv(n−m) mod K , v = 1, 2, . . . . , (17)
and n˜v = B¯vnv denotes the complex Gaussian white
noise vector in the output of pulse blanking with the nth





nvn, v = 1, 2, . . . . ,N (18)
Substituting Eq. (16) into Eq. (10) yields
Yv = SHv + Fi˜v + Fn˜v, v = 1, 2, . . . . ,N (19)
Expanding Eq. (19), the kth component of Yv can be
expressed as
















Substituting Eq. (20) into Eq. (13), the kth component of




























From Eq. (21), YMRC,k can be split into two parts, the
first containing the desired signal of the kth subchannel,
denoted by Ek , and the second containing the noise and
the ICI caused by pulse blanking, denoted by Wk . YMRC,k
can be further expressed as





























The variance of Ek is given as






From the derivation in the Appendix, the variance ofWk
can be calculated as
Var (Wk) =
[
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Combining Eqs. (25) and (26), the instantaneous SINR
of the kth subchannel at the output of MRC is given as
γk





pσ 2S + (1 − p) δ2n
∣∣Hvk ∣∣2, k = 0, 1, . . . ,K − 1
(27)
Let ρ = δ2S
/
δ2n denote the average input SNR per














∣∣Hvk ∣∣2 denotes the instantaneous
SINR for the kth subchannel of the vth channel at the
output of MRC. We assume the independence between
different diversity reception branches, thenHvk is indepen-
dent of Hjk if j = v, and therefore γ vk is independent of γ jk
if j = v.
3.2 SER of the MRC-OFDM receiver with pulse blanking
over Rayleigh fading channel
For the Rayleigh fading channel, the frequency response




−j2π klK is a complexGaussian RV ofmean zeros and
variance one, thus
∣∣Hvk ∣∣2 is χ2 distributed with 2 degrees
of freedom and E
{|Hvk |2} = 1.
Considering ρ
/
(pρ + (1 − p)) is a constant when the
probability of impulsive noise occurrence p is given, γ vk
is also χ2 distributed with 2 degrees of freedom and
mean γ¯ = ρ /(pρ + (1 − p)) . Therefore, the probability








γ¯ , γ vk ≥ 0, k = 0, 1, . . . ,K − 1, v = 1, 2, . . . ,N
(29)
The moment generating function (MGF) of γ vk can be





the exponent reversed in sign and is given by [21]
Mγ vk (s) =
1
1 − sγ¯ , k = 0, 1, . . . ,K − 1, v = 1, 2, . . . ,N
(30)
Note that theMGF of the sum of independent RVs is the
product of the MGFs of individual RVs [21]. Using Eqs.
(28) and (30), the MGF of the combined SINR with MRC






(1 − sγ¯ )N , k = 0, . . . ,K − 1
(31)
Using the result in [21], the SER of the kth subchannel
for the OFDM receiver with M-phase-shift keying (PSK)












where gpsk = sin2 (π /M ). For large γ¯ , the average SER of



























The SER of the kth subchannel for the OFDM receiver
with M-quadrature amplitude modulation (QAM) over





























where gQAM = 3
/
(2 (M − 1)) . For large γ¯ , the average
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In the SER expressions given in Eqs. (32), (33), (35),
and (36), the SER of the kth subchannel is independent
of the subchannel index, which indicates that pulse blank-
ing has the same effect on the error performance of each
subchannel of the MRC-OFDM receiver.
In particular, for the binary PSK (BPSK) modulation,




















(1 + γ¯ ) .
The exact expression in Eq. (38) provides insight into a
few special cases. (i) When there is no interference, i.e.,
p = 0, γ¯ = ρ, Eq. (38) reduces to the symbol error
probability of a conventional Nth-order space diversity
receiver employing MRC. (ii) When there is interference,
i.e., p = 0, and in the limiting case the input SNR is large,
i.e., ρ → ∞, lim
ρ→∞ γ¯ = 1
/
p , thus, there will be an
error floor for the SER performance curve. Considering a
small p value (less than 0.1) fulfilling the condition γ¯ 
 1,




)N ( 2N − 1
N
)
. Therefore, the error floor
decreases proportionally with the Nth power of the prob-
ability of impulsive noise occurrence p at an Nth-order
space diversity. For a given p value, the error floor can
be efficiently reduced as the number of receive antenna
increases. The same conclusion can be reached based on
the approximate expressions in Eqs. (33) and (36).
3.3 SER of the MRC-OFDM receiver with pulse blanking
over Ricean fading channel
For the Ricean fading channel, hv0 is assumed to be a non-






hvl , l = 1, . . . , Lv − 1
}
are assumed to be complex Gaus-





. The channel power
is normalized to 1, i.e., |uv|2 + ∑L−1l=0 ∣∣δvl ∣∣2 = 1, and




∣∣δvl ∣∣2 . Hence, the frequency response of the
kth subchannel Hvk is distributed according to complex
Gaussian with mean uv and variance
∑L−1
l=0
∣∣δvl ∣∣2 − |uv|2.
Furthermore,
∣∣Hvk ∣∣2 is noncentral χ2 distributed with 2
degrees of freedom and E
{|Hvk |2} = 1.
Considering ρ
/
(pρ + (1 − p)) is a constant when the
probability of impulsive noise occurrence p is given, γ vk is
also according to noncentral χ2 distributed with 2 degrees
of freedom with mean γ¯ = ρ /(pρ + (1 − p)) . Therefore,

















where I0 (·) is the zero-order modified Bessel function of
the first kind. The MGF of γ vk can be expressed as
Mγ vk (s) =
1 + Kv
1 + Kv − sγ¯ exp
( Kvsγ¯
1 + Kv − sγ¯
)
(40)








{ 1 + Kv
1 + Kv − sγ¯ exp
( Kvsγ¯
1 + Kv − sγ¯
)}
(41)
Using the result in [21], the SER of the kth subchan-
nel for the OFDM receiver with M-PSK modulation over























The SER of the kth subchannel for the OFDM receiver







































(1 + Kv) (45)
Also, the SER derived above is only for the kth sub-
carrier. It has to be averaged over all the subcarriers.
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Table 1 System and channel parameters
Parameters Value
System parameters
Modulator BPSK, 8PSK, 16QAM
Subcarrier number 512
Data subcarrier number 512
Cyclic prefix 16
Channel parameters
Channel models Rayleigh (10 paths)
Ricean (10 paths, {Kv} = 10 dB)
Impulsive noise model Bernoulli-Gaussian
Probability of interference
occurrence p (see figures)
Receiver parameters
Number of receive antenna N = 2, 4
Channel estimation Ideal channel estimation
Channel equalization ZF equalization
Comparing Eq. (44) with Eq. (33), Eq. (45), and Eq. (36),
we find that for the specific Ricean factors, the same con-
clusion presented in Section 3.2 can be reached based on
the approximate expressions in Eqs. (45) and (46).
4 Numerical results
4.1 System and channel parameters
The system and channel parameters are listed in Table 1.
4.2 Symbol error performance curves
To verify the accuracy of the theoretical formulas derived
in the previous sections, we compare the SER perfor-
mances of the theoretical formulas with the results of
computer simulations for Rayleigh and Ricean fading
channels. Figures 3, 4, 5, 6, 7, 8, 9, and 10 show the
theoretical and simulated SER versus SNR (10log10 (ρ))
performance curves of the MRC-OFDM receiver with
pulse blanking.
Figures 3 and 4 show the SER performances of the
MRC-OFDM receiver with pulse blanking for BPSK
modulation over Rayleigh fading channel for N = 2
and N = 4 receive antennas. Each figure contains four
pairs of curves, which shows the theoretical and sim-
ulated SER of the OFDM receiver with pulse blanking
at different p values. In both figures, it can be seen that
theoretical results correspond well with the simulation
results.
From Fig. 3, the theoretical and simulated error floor
versus the probability of impulsive noise occurrence p are
listed in Table 2. From the table, the simulated observa-
tions of the error floor achieve a good agreement with
the theoretical calculations. We see that the error floor
decreases as the probability of impulsive noise occurrence
decreases. Further, the error floor decreases proportion-
ally with the Nth power of the probability of impulsive
noise occurrence p. Comparing the two figures, it is shown
that the error floor is efficiently reduced for N = 4
receive antennas compared with N = 2 for the same
p value.























Fig. 3 SER performances of the MRC-OFDM receiver with pulse blanking for BPSK modulation over Rayleigh fading channel for N = 2 receive
antennas
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Fig. 4 SER performances of the MRC-OFDM receiver with pulse blanking in case of BPSK modulation over Rayleigh fading channel for N = 4 receive
antennas
Similarly, for the same receiver and channel, Figs. 5 and
6 show the SER performances for 16QAM modulation
with N = 2 and N = 4 receive antennas, respectively.
From the four pairs of curves in each figure, the theoreti-
cal results correspond well with the simulation results and
derive the same analysis as that in Figs. 3 and 4.
Figures 7 and 8 show the SER performances of theMRC-
OFDM receiver with pulse blanking for 8PSK modulation
over Ricean fading channel with Ricean factors {Kv} =
10 dB for N = 2 and N = 4 receive antennas, respec-
tively. Similar to the previous paragraph, from the four
pairs of curves in each figure, the theoretical results agree























Fig. 5 SER performances of the MRC-OFDM receiver with pulse blanking for 16QAMmodulation over Rayleigh fading channel for N = 2 receive
antennas
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Fig. 6 SER performances of the MRC-OFDM receiver with pulse blanking for 16QAMmodulation over Rayleigh fading channel for N = 4 receive
antennas
well with the simulation results. We arrive then with the
same analysis as for Figs. 3 and 4.
Similarly, for the same receiver and channel, Figs. 9 and
10 show the SER performances for 16QAM modulation
with N = 2 and N = 4 receive antennas, respectively.
Again, from the four pairs of curves of in each figure,
the theoretical results correspond well with the simulation
results and yield the same analysis as for Figs. 3 and 4.
5 Conclusions
In this paper, we studied the symbol error performance
of the MRC-OFDM receiver with pulse blanking over fre-
quency selective fading channel. The closed-form expres-
sion of the SINR for the MRC-OFDM receiver with pulse
blanking is derived. The SER of the MRC-OFDM receiver
with pulse blanking over both Rayleigh and Ricean fad-
ing channels are also given. The simulation results validate



























Fig. 7 SER performances of the MRC-OFDM receiver with pulse blanking in case of 8PSK modulation over Ricean fading channel for N = 2 receive
antennas
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Fig. 8 SER performances of the MRC-OFDM receiver with pulse blanking in case of 8PSK modulation over Ricean fading channel for N = 4 receive
antennas
the correctness of our derived formulas. The following
conclusions are obtained: (i) the pulse blanking has same
effect on the error performance of each subchannel of
the MRC-OFDM receiver; (ii) the error floor for the SER
performance is observed for the MRC-OFDM receiver
with pulse blanking and the error floor depends on the
probability of impulsive noise occurrence and the number
of receive antenna; and (ii) the developed analysis method
in this paper can be extended to the case of the Middle-
ton class A noise environment and the error floor for the
SER performance is determined by the probability of the
Middleton class A impulsive noise occurrence.

























Fig. 9 SER performances of the MRC-OFDM receiver with pulse blanking for 16QAMmodulation over Ricean fading channel with N = 2 receive
antennas
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Fig. 10 SER performances of the MRC-OFDM receiver with pulse blanking for 16QAMmodulation over Ricean fading channel with N = 4 receive
antennas
Appendix
From Eq. (24), the variance of interference noise term can
be calculated as
Var (Wk) = E
{|Wk|2}− (E {|Wk|})2 (46)




j = v) are statistically












By using Eq. (17) and considering bvn , sm and hvl are
statistically independent, E





















Table 2 Impact of probability of impulsive noise occurrence on
the error floor




By using Eq. (18) and considering that bvn is independent










{∣∣(1 − bvn) nn∣∣2}
= (1 − p) δ2n
(49)
By using Eqs. (17) and (18) and keeping E {sm} = 0 and
E {nn} = 0 in mind, it is easy to find E
{
i˜n
} = 0 and
E {n˜n} = 0. Furthermore, the second term of (46) can be
calculated as (E {|Wk|})2 = 0 . Finally, the variance of the
interference noise termWk can be obtained as
Var (Wk) =
[
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